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i. summary 

A study to examine the sampling methods and chemical composition of the 
emissions from the tank farm in the Texaco refinery was conducted in the summer 
of 1979. The study was a part of a wider project aimed at quantification of all 
hydrocarbon emissions from the refinery. The storage tanks were classified, 
according to their content and construction, into four groups: these four groups 
account for 90% of the refinery storage capacity. Tanks representing each group 
were sampled at various locations. Sampled vapours were drawn by an "all teflon" 
system comprising a line and a diaphragm pump. They were analyzed "on site" for 
total hydrocarbon concentration (THC) and sent in glass bulbs to the Organic Trace 
Contaminants Section of the Ministry's Laboratory Services Branch for a speciation 
by gas chromatography (G.C.). 

Total hydrocarbon emissions from 90% of the tank farm were calculated by 
using the measurments of THC in eight representative tanks. The emissions 
totalled about 3*f8 kg per day. This value probably underestimates true emissions 
because it is based on concentrations that are lower than the actual concentrations 
in the tank vapour space. It is suspected that the vapours from the heated tanks 
condensed in the sampling line thus lowering the concentrations. Two thirds of the 
total emissions from the tank farm could be accounted for by the cone roof tanks 
in which heavier fuels are stored. Use of internal floating roofs in the gasoline and 
crude storage tanks resulted in lower emissions in spite of higher volatility of fuels 
stored in these tanks. 

In order to prevent problems experienced in sampling last year and 
characterize emissions more fully, modifications of sampling technique and an 
increased scope of GC analyses are recommended for this year's program. 
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2. INTRODUCTION 

Measurement of hydrocarbon emissions from the Texaco Canada refinery is a 
part of a source assessment survey to be carried out in the Nanticoke area in the 
next few years. The objective of this survey is to quantify emissions from local 
industry, required for the purposes of the Nanticoke Environmental Management 
Program. This program was set up by the industry and environmental federal as 
well as provincial government ministries, to assess the impact of industrial 
developments in the Nanticoke area on the ambient air quality and develop a 
scientific base for the design of a meaningful environmental monitoring and 
abatement program. 

In this context, the hydrocarbon emissions from the Nanticoke petroleum 
refinery are important because of their reactivity with oxides of nitrogen and 
potential for photochemical smog in the area. Application of literature data to 
calculate emissions was considered as an alternative to rather involved 
measurement but difficulties were experienced, due to large variations between 
plants and technological improvements in the Nanticoke refinery. However, 
literature data were still useful in indicating that the emissions from storage tank 
areas could account for over 50% of total emissions from refineries. With this in 
mind, and because of relative simplicity of sampling from storage tanks, it was 
decided that sampling should be at first concentrated in this area of the Nanticoke 
refinery. It was also decided that simultaneous upwind-downwind measurements 
should be attempted, to compare the results with the in-plant measurements as 
well as to measure total emissions from the refinery . The results of in-plant 
measurements only are given in this report. 

The primary objective of this first in-plant sampling effort in the Nanticoke 
refinery was to examine measurement technologies and factors which could 
adversely affect the results of these measurements. 
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3. DESCRIPTION OF STORAGE TANK AREA 

The Texaco Nanticoke refinery is a modern, medium sized refinery 
with nominal capacity of 95,000 barrels per day. The refinery has a large storage 
tank area comprising of 81 tanks. Figure 1 shows this sector of the refinery. 
Unfortunately, the tank numbers in Figure 1 are different from the actual numbers 
used to identify tanks in the field. This earlier identification is used throughout 
this report. 

All tanks are cylinders, 14.6 m in height, but of variable diameters. 
All have conical roofs and the ones that contain the most volatile compounds have 
an internal floating deck. This latter type of tank is referred to as a floating roof 
tank throughout this report. On each roof there are hatches located at about its 
perimeter and a central vent with a rain cap. Some of the tanks are used for 
storage of intermediate process streams, while others are for storage of crude or 
product streams. At the beginning of the program it was agreed that only tanks 
which are representative of tanks containing similar products would be sampled. 
Sampled tanks are described in Table 1 of Appendix I. An inventory of all tanks is 
given in Table 13 of Appendix II. 

Safety requirements for the tank farm precluded the use of regular 
electric equipment at a distance of less than 7.6 metres from any tank. This 
regulation prevented the use of electrically heated probes and sampling lines and, 
consequently, vapour condensation may have taken place in the unheated sampling 
lines. 
4. SAMPLING PROCEDURE 

The sampling probe was a piece of 0.635 cm O.D. teflon tube, 7.6 m 

in length. The tube was marked off in feet and had a weight attached to one end to 

keep it vertical while hanging from the tank hatch used as sampling port. The 

sampling probe was connected to a teflon line of the same diameter, 30.5m in 

length, leading to a Thomas teflon diaphragm pump. The pump outlet was 

connected to a "T" joint, with one branch leading to a glass sampling bulb and the 

other to a total hydrocarbon analyser. A sketch of the sampling system is depicted 
in Figure 2. 
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FIGURE 1 
STORAGE AREA 




Fcgrure 2 
Sampling System 



tofct* 




£ / I— ~~ 
Li**/- | fefon Que -^ia 



<-":/•<? 



WGiyht 



■tecL cjf. J* /set 



T/IA/K (state rtewj 



l/ayi 




Gt^eraTor- 



TeJ/ci On € 



•Sam/tC'ngr Mi 




7ho>i0O5 pump 



7~/?A/t{ (upper ifi'ew) 



i 
I 



-6- 

Glass sampling bulbs were heated and flushed with pure nitrogen 
before use. At the time of sampling they were filled from the downstream side of 
the pump, immediately wrapped in dark polyethylene bags and transported to the 
laboratory for analysis on aliphatic and aromatic hydrocarbons. In addition to 
hydrocarbons, analyses were carried out for chlorinated organic compounds and 
organic sulphur compounds. All samples were analysed within a week after 
collection. Some samples were repeatedly analyzed in 2 to 3 week intervals for 
sample stability studies. The gas chromatographic (GC) analyses were done by the 
Organic Trace Contaminant Section, MOE. Their report can be seen in Appendix II. 

The total hydrocarbon analyzer was the Ratfisch IPM owned by 
MOE. The instrument was zeroed and frequently calibrated with propane in 
nitrogen during the tests. The measurements and calibrations were registered by a 
strip-chart recorder. 
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5. EXPERIMENTAL RESULTS AND DISCUSSION 
5.1 Composition of the Samples 

5.1.1 Total Hydrocarbon Concentration 

The average total hydrocarbon concentrations (THC) of samples are 
shown in Table 1. For the purpose of averaging, these samples were classified 
according to the tank content. The listed THC values were measured by the 
Ratfisch IPM analyzer. Each value in Table 1, except one, is the average of 6 
samples. The variation range within these groups of samples will be discussed in 
Section 5.2. The results of all 23 THC analyses are listed in Table 3 of Appendix I. 

There are indications that some values in Table 1 may be 
underestimates of the actual average THC of the tank vapour space. Two of the 
sampled tanks were steam heated, the liquid temperature ranging from 68 to 
77°C. The sampling line was not heated, therefore, hydrocarbons or water may 
have condensed during sampling. The following was observed during sampling and 
analyses of samples from these tanks; extra time was required for zeroing of the 
THC analyzer in the field and a GC operator observed an oily condensate in some 
of the glass bulbs in the laboratory (3). 

The Ratfisch IPM analyzer was calibrated with three mixtures of propane in 
nitrogen. The measurements of THC's should be accurate unless either the sampled 
hydrocarbons do not produce a linear relative response with respect to propane or 

condensation takes place in the sampling line. A literature reference estimates 

* 
that 20% error can be allowed due to the variation of relative response of the 

Flame Ionization Detector (FIDX^); this error was found experimentally when 

measuring single hydrocarbons. However, there are also references to the fact 

that various mixtures of hydrocarbons could produce larger deviations (16). Use of 

mixtures similar in compositions to vapours in the tanks may produce more 

accurate results. 

♦Instrument response to methane should be 1/3, to acetylene 2/3, and to benzene 

6/3 of that to propane. 
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TABLE 1 
AVERAGE TOTAL HYDROCARBON CONCENTRATION 



Tank Group 

CRUDE 

GASOLINE <5c COMPONENTS 
MIDDLE DISTILLATES 
HEAVY FUEL OIL 



* By volume, C,=propane 



Content of Sampled 
Tank 


Average 
(as 


Measured THC 
ppm C^)* 


crude 




376 


gasoline 




2680 


jet fuel 




6600 


bunker 




%m 



Tank Methane Ethylene 

Content 

(ppm) (ppm) 



crude 
gasoline 
jet fuel 
bunker 



1.2 
0.7 
0.4 
406 



nd 
0.2 
0,04 

40 



Ethane 
(ppm) 

6.6 

0.3 
0.1 
661 



TABLE 2 

AVERAGE SAMPLE ANALYSIS 

Propane/ Isobutane N-butane Benzene 
Propylene butane 

(ppm) (ppm) (ppm) 



12.6 
3.0 
6.7 
323 



4.2 
389.7 
19.1 
189 



nd 

94.2 

nd 

95 



nzene 
)pm) 


Toluene 
(ppm) 


Ethyl- 
benzene 
(ppm) 


Xylene 
(ppm) 


Styrene 

benzene 

(ppm) 


nd 


nd 


nd 


nd 


nd 


8.4 


5.2 


0.41 


12.7 


0.9 


- 


29.3 


14.7 


33.7 


2.6 


_ 


68 


15 


62 


10 






-: not analyzed 
nd: not detected 



NOTE: Repeated analyses of the same sample were not averaged. 

All concentrations are expressed as ppm by volume. 
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5.1.2 Speciation by Gas Chromatography 

Table 2 lists the average GC analyses of samples from the tanks with 
the same liquid. These liquids were crude oil, gasoline, jet fuel and bunker oil. 
According to an agreement between SMU and the laboratory, analyses were done 
for the most common aliphatic hydrocarbons from C. to C, and the following 
aromatic hydrocarbons: benzene, toluene, ethylbenzene, xylene and styrene. 
Chlorinated organic hydrocarbons were looked for but not found in any of the 
samples. The results of all GC analyses are listed in Table 3 of Appendix I. 

Aliphatic hydrocarbons are the main components of vapour samples 
from all tanks. Jet fuel vapour samples are abundant in aromatic compounds. All 
these compounds, with the exception of the low molecular weight paraffins, are 
photochemically reactive. 

Olefinic compounds are important in air pollution because they react 
rapidly in the atmosphere to form photochemical oxidants. Unfortunately, no 
distinction between all paraffinic and olefinic components of the samples can be 
made because of nonspecific analysis. 

The composition of vapours from each tank group is summarized as 
follows: crude and bunker vapours were composed mostly of methane, ethane, 
propane and propylene; butane and isobutane represented approximately 90% of the 
gasoline tank vapours; aromatic hydrocarbons comprised the bulk of jet fuel 
vapours. 

5.2 Effect of Sampling Location within the Tank 

One of the variables studied during the 1979 summer program was the 
spatial variation of gas composition within the tanks. The following discussion 
considers the cone roof (CR) tanks separately from the floating roof (FR) tanks. 
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Cone roof tanks have a large area, in which liquid hydrocarbons may 
release vapours, therefore, the head space of these tanks is usually saturated with 
vapours from the stored liquid. Vapours are released to the atmosphere when they 
are displaced by incoming liquid or when they expand due to thermal rise. 

Evaporation of hydrocarbons occurs in the floating roof tanks mainly 
through the seal between the floating roof and the tank wall (6, 7). Partial 
emptying releases gaseous hydrocarbons into the vapour space of the tank through 
evaporation from the wet inner wall. 

The variations in liquid level preceeding sampling are believed to have 
affected the hydrocarbon concentration pattern in the vapour space of both CR and 
FR tanks. For this reason liquid height records for all sampled tanks were kept by 
SMU. They are plotted in Figure 1 to Figure 7 of Appendix II. 

Table 2 of Appendix I lists the measured THC of the samples from 
various points within tanks. The parameters likely to influence the THCs are also 
listed. 

In the cone roof tanks the measured THC within any one tank was fairly 
constant, regardless of location of the sampling point. All readings were within + 
10% of the tank average. 

The vapour concentration pattern in the vapour space of the floating 
roof tanks appear somewhat more complex. The THC readings increased when the 
sampling point was moved towards the tank wall close to the floating roof. All 
readings, except one were within + 43% of the tank average. This one high reading 
(tank //118) was 18 times higher than the value at a point 4.3 m above it. The 
possible explanation can be sought in the fact that tank #118 was being emptied 
during sampling, and air entering the tank may not have had sufficient time to mix 
with the vapour inside the tank. The highest reading was obtained at a point 
0.76 m above the floating roof and 1.5 m away from the tank wall, and very likely 
this high concentration was caused by the proximity of the wet wall. 
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5.3 Comparison Between Methods of Analysis 

A comparison of GC and THC analyses was attempted, chiefly to investigate 
to what extent the sample components analyzed for by GC represented the bulk of 
the samples. For this purpose the results of GC analyses were expressed as the 
equivalent propane concentrations that would produce the same response from a 
FID detector. Each equivalent propane concentration of a given sample was added 

and the total called 'calculated THC. 

To obtain equivalent results of THC by GC and Ratfisch IPM analyzer, 

several conditions have to be met: 

1. The GC analysis must include all hydrocarbons present in the 

sample. 

2. If both analyses were not performed simultaneously, the 
samples must be stable within the time span of the two 

analyses. 

3. The FID used in the total hydrocarbons analyzer must have a 
linear relative response to each hydrocarbon in the sample. 
For example, equal concentrations of methane should produce 
1/3, acetylene 2/3, and benzene 6/3 of the response for 
propane. 

The practical implications of an agreement between the calculated and 
measured THC are manifold. Firstly, it means that the GC analysis of samples 
included all hydrocarbons present in the sample. It may also indicate the allowable 
length of time for storage of samples before analyses. Finally, an agreement 
between the two methods would allow the use of Ratfisch IPM to measure total 
hydrocarbons in the field and reserve more labourious GC for a spot check 
speciation of the emissions from each kind of tank. 

Possible nonlinearity of the THC analizer should be investigated in order to 
properly assess the accuracy of these analyses. As mentioned before, a literature 
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reference estimates that the FID deviation from linear response may account for 
errors of up to 20% for common hydrocarbons. This statement should be confirmed 
by analyzing gaseous mixtures of the main components of the tank vapour samples. 
For example, FID response to a mixture of methane, ethane, propylene and 
isobutylene in nitrogen could be checked against that of propane in nitrogen. 
Parallel GC analysis of the propane standards and the hydrocarbon mixtures could 
also be performed. 

In measurements at Nanticoke all calculated THCs were lower than the 
measured THCs, as one may expect, since the GC analysis is only a partial 
inventory of the hydrocarbons in the samples (15). The calculated and measured 
THC averaged 818 ppm and 4295 ppm, respectively. That is, on the average the 
calculated THCs were only 19% of the measured. It is rather unfortunate that the 
discrepancy between the two methods of analyses is so large. This is probably a 
result of combination of various factors, as discussed later. Table 5 of Appendix I 
summarizes the results of THC analyses of 23 samples. 

The analyses of samples from some tanks are in better agreement. For 
example, the average calculated THCs of gasoline and bunker tanks are within 28% 
of the measured and a possible explanation for this is as follows; gasoline 
components are made up of a range of light hydrocarbons (majority consisting of 
C5's and larger). In the case of bunker oil, at elevated temperature the thermal 
decomposition produces light components which readily evaporate. Due to 
limitations in both sampling and GC analysis, loss of samples via condensation, and 
underestimation of heavier hydrocarbons occurs, hence a discrepancy between the 
two methods. 

A factor that may have affected the accuracy of both methods of analysis is 
a probable loss of condensable species from the gaseous phase during sampling, as 
discussed in Section 5.1.1 of this report. This condensation may have affected the 
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GC samples more than the THC determinations, depending on sampling schedule 
and the temperatures of teflon line and glass bulbs. These variables were not 
recorded during sampling. 

The measured THCs of samples expressed as propane averaged 4295 
ppm by volume, which represents a partial pressure of 3.3 mm of mercury. Table 4 
of Appendix I lists the temperature at which several hydrocarbons have a vapour 
pressure of approximately 3.3 mm of mercury. Since aliphatic hydrocarbons below 
C q have at 20°C vapour pressures higher than 3.3 mm of mercury, the condensate 
observed inside the glass bulbs must have been composed of hydrocarbons of higher 
molecular weight than C 9 (3). In future tests the GC speciation could be extended 
to heavier hydrocarbons. 

5.4 Sample Stability 

One of the variables studied in the program was the sample stability. 
Such a study was considered essential because of stability problems with ambient 
air samples experienced by the Ontario Research Foundation in a previous sampling 
program in the Nanticoke area (2). 

The thirteen samples taken in the 1979 MOE program were analyzed for 
the same aliphatic hydrocarbons repeatedly. The time interval between two 
successive determinations was about two weeks. Table 6 of Appendix I, shows the 
variation in concentrations of some hydrocarbons on repeated analysis. 

The laboratory estimates that variations in concentration during sample 
storage fall within the range of error of analysis and sample handling (15). 
Nevertheless, future samples will be examined in the same manner to establish 
whether similar variation is repeated. In the samples from last year, the methane 
concentration appears to have increased by an average of 47% in about two weeks. 
Ethylene content increased by about 30% over the same period. Propane/propylene 
and isobutylene decreased by about 15% and 16% respectively. The last column on 
the right side of Table 6 of Appendix I lists the variation of calculated THC of the 
samples during storage. 
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If sample //2 is excluded, the calculated THC of the samples showed 
little change during storage, although individual hydrocarbons varied. That is, the 
concentration of one component increased while that of another decreased so that 
the calculated THC remained constant. However these variations, as noted above, 
are not considered significant and they do fall within the experimental error. 

6. ESTIMATION OF HYDROCARBON EMISSIONS 

Two different methods for estimation of hydrocarbon emissions will be 
used. The first method is based on experimentally measured concentration of 
hydrocarbons (HC) in the tank vapour space and the average tank filling schedule. 
The second procedure consists of applying the formulae for evaporation loss 
published by the American Petroleum Institute (API) in 1962 (5,7)and in 1980 (20). 
6.1 Estimate Based on the 1979 Measurements 

6.1.1 Working Losses 

Procedure for this estimate is as follows; the storage tanks were 
classified according to their content and construction into four groups, each group 
represented with two sampled tanks. For the purpose of calculating the emissions, 
the HC concentration in a tank vapour space was considered equal to the 
concentrations measured in the sampled tanks. Table 1 of section 5.1 shows how 
the tanks were grouped and the average concentrations applied to each group. 

The emitted vapour volume was assumed to be equal to a vapour 
displacement resulting from the input of liquid into each tank. Tank liquid level 
changes were estimated from the refinery production schedule. These estimates 
are listed in Table 14 of Appendix II. 

The working losses from tanks totalling approximately 90% of the 
capacity of the tank farm were calculated from vapour losses and measurements of 
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THC in representative tanks. They were calculated at 171.7 kg per day, and were 
based on the measurements and meteorological conditions in June 1979. The 
concentrations measured in the sampled tanks could not be safely assigned to the 
remaining 10% of the storage capacity, consequently the emissions from this part 
of the tank farm were not evaluated. These are tanks used to store additives, 
charge fuel-water emulsions, etc. Table 7 of Appendix I summarizes the results 
and sample calculations of the working losses. 

6.1.2 Breathing Losses 

In addition to losses resulting from displacement of vapour by the 
liquid, hydrocarbons are also emitted as a result of the daily ambient temperature 
cycle. 

When the ambient air cools the vapour space within a tank, it results in 
the contraction of the vapour. Fresh air is drawn in through vents to compensate 
for the decrease in vapour volume. As this fresh air upsets any existing equilibrium 
at saturation by diluting the vapours, more volatile hydrocarbons evaporate from 
the liquid to restore the equilibrium. When the atmospheric temperature increases, 
as occurs in the daytime, the vapour space warms and the volume of rich vapours 
increases. Vapours are thus discharged or "breathed out". This cycle is repeated 
each day and night. 

Several assumptions have to be made to estimate the air volume 
displaced by daily temperature cycle. They are as follows: 

a) The liquid does not change its temperature from day to night; 

b) Average daily vapour space temperature change is equal to atmospheric 
temperature change; this will tend to overstate the breathing losses since the 
vapour space of heated tanks (Heavy Fuel Oil) does not change its 
temperature appreciably on a daily basis. 

c) The level of approximately half full tanks were assumed to be the average 
for the year. 
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The two first assumptions are fairly common in literature (8). The third 
assumption was adopted because of the lack of better information on the average 

liquid volume in each tank. 

The breathing losses from tanks totalling 90% of refinery storage 
capacity were estimated at 176.9 kg per day based on the measurements and 
meteorological data for June 1979 (12). Table 8 of Appendix I summarizes the 
results and shows sample calculations of breathing losses. 

6.2 Estimate Based on API Formulas 

API developed formulae for prediction of hydrocarbon storage losses through 
evaporation. The API procedure (5,7,20) for estimating these losses classifies 
emissions from liquid hydrocarbon tanks as follows; 

Cone Roof (CR) -breathing losses 

-working losses 

Floating Roof (FR) -standing storage losses 

-working losses 

Cone roof breathing losses consist of vapours expelled from a CR tank 
because of thermal expansion of existing vapours, vapour expansion caused by 
barometric pressure changes, and/or an increase in the amount of vapours due to 
additional vaporization in the absence of a liquid-level change. 

Cone roof working losses consist of vapours expelled from a CR tank as 
a result of filling and emptying operations. Filling loss is a result of vapour 
displacement by the liquid. Emptying loss is the expulsion of vapours subsequent to 
product withdrawal, and is attributable to vapour growth as newly indrawn air. is 
being saturated with hydrocarbons. 

Floating roof standing storage losses result from causes other than 
breathing or changes in the liquid level. The largest potential source of this loss is 
attributable to an improper fit of the seal and shoe to the shell, which exposes 
some liquid surface to the vapour space. In this study, since the tanks are new, the 
seal and shoe fit was assured in good condition. 
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Floating roof working losses result from evaporation of the stock which 
wets the FR tank wall as the roof descends during emptying operations. This loss is 
usually small in comparison to the standing storage losses. 

6.2.1 Cone Roof Breathing Losses 

Table 9 of Appendix I shows the calculated CR breathing losses, which 
totalled 229 kg per day. The formula and main assumptions are included. This 
calculation was based on vapour pressure estimates from Reference 19 which are in 
agreement with measured THC. Texaco estimated their heavy fuel oil and middle 
distillates to have higher vapour pressures, resulting in total CR breathing losses 
calculated at 7056.4 kg per day. 

6.2.2 Cone Roof Working Losses 

Table 10 of Appendix I lists the calculated CR working losses. They 
totalled 1S.9 kg per day. The formula used for the estimate and the main 
assumptions involved are also listed. Higher vapour pressure estimated by Texaco 
results in total CR working losses of 1939.9 kg per day. 

6.2.3 Floating Roof Standing Storage Losses 

Table 11 of Appendix I lists the FR standing storage losses. They 
totalled 623.8 kg per day on the basis of calculating formula from Reference 20. 

6.2.4. Floating Roof Working losses 

Table 12 of Appendix I list the calculated working losses from floating 
roof tanks. They totalled 46.4 kg per day on the basis of Reference 20 calculating 
formula. 
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6.3 Comparison Between Emission Estimates by Two Methods 

Table 3 summarizes the results of calculations based on 1979 
measurements (named Measured Total Losses, MTL) and estimates based on API 
formulae (named Estimated Total Losses, ETL). These results represent the 
emissions from tanks totalling approximately 90% of capacity of the tank farm. 

TABLE 3 
SUMMARY OF HYDROCARBON LOSSES 



Tank Group 


Capacity 
m 


Tank Type 


ETL 

kg/day 


MTL 
kg/day 


ETL 
MTL 


Crude 


143,100 


FR 


110.8 


13.3 


8.3 


Gasoline and Component 


303,657 


FR 


5W$* 


109.4 


5.0 


Middle Distillates 


209,065 


CR + FR 


215.5* 


143.7 


1.5 


Heavy Fuel Oil 


111,288 


CR 


46.8 


81.6 


0.6 



TOTAL 767,110 - 918 348.0 2.6 

* Includes charge tanks 

Each MTL value was obtained by adding the breathing and working 
losses of all tanks in a given tank group. The same procedure was followed for 
ETL. 

The ETL and the MTL totalled 918 kg/day and 348 kg/day respectively. 
In other words, the losses estimated by the measurements represent 38% of the 
value obtained by using API formulas. This finding confirms some literature 
references (10,14) reporting that the API formulas overestimate the emissions from 
modern storage tanks. 

In all groups, except one, ETL is higher than MTL. The differences are 
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larger for the floating roof tanks. This may reflect a progress in the design of 
seals in the FR tanks since the time the API formulas were developed. 

Heavy Fuel Oil is the tank group in which ETL is lower than MTL. This 
is the tank group represented, for the purpose of calculating the MTL, by the 
heated bunker oil tanks. The high storage temperature of the bunker oil may 
explain the fact that the emissions from this tank group resulted in approximately 
2 times higher emissions than estimated by the API formulae. 

The relative contributions of each tank group to the total hydrocarbon 
emissions from the tank farm are depicted in Figure 3. 

FIGURE 3 
SUMMARY OF LOSSES PER TANK GROUP* 



41.3 % 
MIDDLE 
DISTILLATES 




23.4 % 
HEAVY 
FUEL OIL 



31.4 % 

GASOLINE AND 
COMPONENTS 



♦Based on MTL 
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It is noticeable that the most volatile stocks (gasoline and crude) 
emitted less hydrocarbons than the heavier components (middle distillates and fuel 
oils). The difference is probably due to improved design of FR tanks used for the 
storage of volatile compounds. On the other hand middle distillates and fuel oils 
are stored mostly in the CR tanks. 
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CONCLUSIONS AND RECOMMENDATIONS 

1. The tank farm HC losses were estimated on the basis of tank vapour space 
concentrations measured in June, 1979, and the tank usage schedule. Losses 
totalled about 348 kg per day. This value is a preliminary estimate based on 
imperfect sampling results and should be confirmed by repeated 
measurements. Cone roof tanks accounted for most emissions. 

2. The losses estimated on the basis of measured concentrations represent about 
38% of the values obtained by using API formulas. This is in agreement with 
literature references which point out that the API formulas overestimate 
emissions from modern floating roof storage tanks. 

3. The hydrocarbon concentrations measured by Ratfisch IPM were used to 
calculate HC losses from the tanks. Results of GC analyses indicate the type 
of hydrocarbons emitted from the tank farm. From the comparison of results 
obtained by the two methods it is concluded that, on the average, GC analysis 
accounted for only about 19% of all hydrocarbons present in the vapours. 

4. The sampling technique must be modified so as to produce more diluted final 
samples for both THC analyzer and GC. This dilution technique is perhaps 
the most convenient way to prevent sample condensation. 

5. The accuracy of the Ratfisch IPM analyzer should be checked by analyzing 
mixtures of several gaseous hydrocarbons. This mixtures should also be 
analyzed by GC for comparison. 

6. The measured losses are applicable in the summer and can be considered a 
worst case situation, since winter, fall and spring are all cooler. 
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TABLE 1 
















SAMPLED TANKS 










Tank 

// 

(field) 

830 


Tank 

// 

(Fig. 1) 

130 


Type 
cone 


Content 
bunker 


Dimensions 

Excluding Roof 

(m) 

Height Diameter 

14.6 34.2 


Height at 
Sampling 
Location 

(m) 
14.93(a) 


816 


116 


cone 


jet fuel 


14.6 




34.2 


14.88(a) 


815 


115 


cone 


jet fuel 


14.6 




34.2 


14.88 (a) 


2026 


126 


floating 


crude 


14.6 




54.0 


14.90(b) 


3002 


102 


floating 


crude 


14.6 




65.6 


14.94 (b) 


818 


118 


floating 


unleaded gas 


14.6 




34.2 


15.57 (b) 


3004 


104 


floating 


crude 


14.6 




65.6 


14.95 


1620 


120 


floating 


leaded gas 


14.6 




48.8 


14.79 



Notes: (a) Sampling port was at gauge hatch near stairway, approximately 

0.89m from the edge of tank. 

(b) Sampling port was at inside edge of manway hatch near stairway, 
approximately 1.78m from edge of tank. 
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Tank 
Type of // 

roof 



cone 



cone 



cone 



cone 



Content 



116 jet fuel 



floating 102 crude 



TABLE 2 
EFFECT OF SAMPLING LOCATION 

Sampling Point 
History Temp. Sample to roof to liqui 
°C # (m) (m) 



1 30 bunker emptying 

day 
before 



filling 



115 jet fuel steady 



126 bunker filling 



filling 



floating 104 crude 



floating 120 



leaded 
gas 



emptying 

day 

before 

filling 



68 



22 



17 



77 



16 



floating 118 unleaded emptying 

gas 22 



17 



14 



12 
13 
14 

IS 
19 
20 

7 
8 
9 

10 
11 

1 
2 
3 

4 
5 
6 

15 
16 
17 

21 
22 
23 



THC 



i roof 
(m) 


to liquid 
(m) 


meas. 
ppm + 


3.7 
0.6 
0.3 


0.64 
3.7 

4.0 


7800 
7800 
6700 


4.3 
2.4 
4.0 


0.05 

1.9 

0.35 


6900 
7050 
7000 


5.2 
0.6 
6.1 


1.6 
6.1 
0.65 


6300 
6300 
6200 


5.2 

4.6 


0.76 
1.4 


9100 
9300 


7.2 
7.2 
7.2 


1.5 
1.5 
1.5 


70 
45 
40 


0.6 
3.0 
4.9 


5.0 
2.6 
0.8 


170 
250 
3060 


1.8 
5.5 

* 


4.7 

106 

* 


900 
800 
400 


5.5 

0.6 

* 


1.7 

6.5 

* 


5000 
3800 
3800 



* samples taken from a covered vent in the centre of the roof. 
+ by volume 
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TA3LE 3 

CC SAMPLE ANALYSES 



Sample 
# 



I 
2 
2 
3 
4 
> 

6 

7 

8 

9 

10 

10 

10 

10 

11 

H 

11 

12 

12 

12 

13 

13 
13 
14 
14 
14 
13 
IJ 

1* 

lb 

17 
17 

1* 

18 
19 

20 
20 
21 

21 



2i 



Tank Content 



crude 
crude 
crude 
crude 
unleaded gas 
unleaded gas 
unleaded gas 
jet fuel 
jet fuel 
jet iuel 
bunker 
bunker 
bunker 
bunker 
bunker 
bunker 
bunker 
bunker 
bunker 
bunker 
bunker 
bunker 
bunker 
bunker 
bunker 
bunker 
crude 
crude 
crude 
crude 
crude 
crude 
jet fuel 
jet fuel 
jet fuel 
jet fuel 
jet fuel 
leaded gas 
leaded gas 
leaded gas 
leaded gas 
leaded gas 



Sample 
Storage 
(days) 

3 

3 
24 

4 
3-4 

3-4 

3 

2 

2 

2 

6 

13 

23 

29 

6 

13 

24 

5 

14 

26 

3 

14 

26 

5 

14 

26 

6-7 

22 

6-7 

22 

6-7 

22 

5-6 

21 

5-7 

5-7 

25 

5-6 

21 

5-6 

21 

5-6 



Methane Ethylene Ethane 



ppm 

1.3 

1.3 
2.0 
0.9 

0.3 
0.3 
t.O 



0.3 

547.9 
765.3 
678.4 

517.5 
739.3 

O0.5 
639.2 

326 
370.5 

208.7 

365.3 

1.3 

2.3 
1.9 
2.8 
0.7 
0.9 
0.4 
0.6 
0.4 
0.4 
0.5 
1.0 
1.8 
0.9 
1.3 
0.7 



ppm 

nd 
nd 
nd 
nd 
nd 
nd 
0.4 



0.06 

57.7 
73.6 
69.3 

43.3 
72.2 

43.3 
69.3 

39.0 
39.9 

17.3 
34.6 

nd 

nd 

r>d 

nd 

nd 

nd 
0.06 
0.04 
0.02 
0.04 
0.05 
0J 
0.4 
0.2 
0.2 
C.I 



ppm 

8 
6.3 

10.3 
5.0 

nd 
nd 
0.4 



0.04 

1086.0 
1051.7 
1211.8 

1009.8 
1019.4 

552.6 
668.8 

417.3 
434.4 

240.1 
360.1 

6.6 

9.1 

11.6 

13.3 

1.9 

1.6 

0.1 

0.2 

0.1 

0.2 

0.2 

0.7 

0.9 

0.4 

0.5 

0.3 



Propane/ 

Propylene 

ppm 

25.6 

21.1 
38.1 
16.8 
0.04 
nd 
7.3 



8.6 

1629.9 
1357.1 
1000.0 

1307.9 
1468.2 

595.2 
464.3 

533.7 
345.2 

345.2 
255.9 

23.4 

19.6 

31.5 

25.6 

4.8 

4.4 

7.1 

5.2 

4.8 

6.4 

3.6 

4.8 

3.6 

3.4 

2.7 

2.6 



Isobutane N-butane Benzene Toluene Ethylbenzene 



pom 

5.8 
4.2 
7.4 
3.1 
7.7 
9.9 
10944 



23.7 

368.8 
315.8 
295.0 

307.3 
311.2 

107.6 
112.9 

103.7 
87.6 

58.8 
56.5 

4.4 

4.5 

6.5 

6.3 

1.1 

0.9 

22.4 

18.8 

14.1 

16.1 

11.5 
539.3 
511.7 
391.8 
345.7 
293.0 



ppm 

nd 
nd 
nd 
nd 
1.2 
1.7 
141.7 



nd 

165.3 
139.3 
160.6 

157.4 
145.6 

7C.i 
63.8 

47.2 
49.6 

35.4 

30.7 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 
179.5 
174.7 
122.8 
99.2 
118.1 



ppm 

nd 
nd 

nd 
nd* 
nd* 

4.6 
nd« 
nd« 
nd» 
nd« 



nd« 



nd* 

nd* 

nd 
nd 
nd 
nd 
nd 
nd 
nd* 

nd* 

nd* 

12.4 
10.1 

6.4 



ppm 

nd 
nd 

nd 

9.0 
12.4 

143 
16.8 
48.3 
49.6 

102 



61.7 

76.4 

67.0 

17.4 

nd 
nd 
nd 
nd 
nd 
nd 
45.5 

10.8 
5.0 

4.3 

3.7 

2.1 



ppm 

nd 
nd 

nd 
0.96 

1.3 
11.3 

nd 
34.3 

nd 
18.1 



10.9 



16.2 



16.2 



5.0 



Xylene 
M P 

ppm ppm ppm 



nd 
nd 

nd 
i.l 
1.9 

12.9 
nd 

22.6 
nd 

18.5 



nd 
nd 

nd 
2.9 
4.8 
30.2 
8.7 
25.5 
24.5 
49.4 



nd 
nd 

nd 
1.7 
3.1 
17.7 
4.3 
18.2 
19.7 
nd 



5.2 18.2 11.5 



Styrene 



nd 
nd 

nd 
nd* 
0.81 
4.6 
1.2 
3.3 
3.3 
7.3 



11.7 27.2 nd 3.7 

18.1 43.7 21.4 14.2 

16.2 43.3 27.7 16.2 



7.3 



nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


35.2 


134 


23. 


nd 


5.7 


14.0 


7.7 


64.2 


nd 


2.0 


4.9 


3.6 


3.1 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 


nd 



Note:-not analyzed nd not detected nd* interference by other compound All concentrations expressed as ppm by volume. 
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TABLE 4 
VAPOUR PRESSURE OF SELECTED HYDROCARBONS 



Name 


Pressure, mm.Hg 


1 3.6 


5 


Temperature °C 


Methane 


-205.9 




-199.0' 


Ethane 


-159.5 




-148.5 


Propane 


-129.9 




-115.4 


Butane 


-101.5 




- 85.7 


Pentane 


- 76.6 




- 62.5 


Hexane 


- 53.9 




- 34.5 


Heptane 


- 34.0 




- 12.7 


Octane 


- 14.0 




8.3 


Nonane 


1.4 


17.3 


25.8 


Decane 


16.5 




42.3 


Benzene 


- 36.7 




- 19.6 


Toluene 


- 26.7 




- 4.4 


Ethyl benzene 


- 9.8 




13.9 


Xylene -o 


- 3.8 




20.2 


-m 


- 6.9 




16.8 


-P 


- 8.1 




15.5 


Styrene 


- 7 




18.0 
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TABLE 5 
COMPARISON BETWEEN GC AND THC ANALYSES 



Sample 


Tank 


Sample 


Calculated 


Measured 


Calculated THC 


// 


Content 


Storage 
(days) 


THC as£ 3 
(ppm) 


THC as£ 3 
(ppm) 


Measured THC 








1 


crude 


3 


39.1 


70 


0.56 


2 


M 


3 


31.3 


45 


0.69 


3 


it 


4 


24.6 


40 


0.61 


4 


unleaded gas 


3-4 


51.6 


170 


0.30 


5 


H H 


3-4 


76.8 


250 


0.31 


6 


it it 


3 


2192 


3060 


0.72 


7 


jet fuel 


2 


- 


6300 


- 


8 


ii ii- 


2 


- 


6300 


- 


9 


ii M 


2 


283 


6200 


0.04 


10 


bunker 


13 


3774 


9100 


0.41 


11 


H 


13 


3289 


9300 


0.35 


12 


" 


14 


1860 


7800 


0.24 


13 


ii 


14 


1625 


7800 


0.21 


14 


M 


14 


871 


6700 


0.13 


15 


crude 


6-7 


34 


900 


0.04 


16 


•» 


6-7 


48 


800 


0.06 


17 


■■ 


6-7 


8 


400 


0.02 


18 


jet fuel 


5-6 


355 


6900 


0.05 


19 


it ii 


5-7 


283 


7050 


0.04 


20 


ii ii 


5-7 


71 


7000 


0.01 


21 


leaded gas 


5-6 


999 


5000 


0.20 


22 


M ii 


5-6 


709 


3800 


0.18 


23 


H H 


5-6 


572 


3800 


0.15 



Average 818 4295 0.19 

* by volume, C- = propane 
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TABLE 6 
SAMPLE VARIATION DURING STORAGE 



Sample 

# 


Atime 
(days) 


Amethane 
% 


Aethylene 

% 


Apropane/ 
propylene 

% 


Aiso- 
butane 

% 


ATHC 
calculated 

% 


2 


21 


54 


- 


80 


80 


77 


10 


16 


23 


20 


-38 


-38 


-16 


n 


11 


43 


67 


- 3 


- 3 


1 


12 


12 


48 


60 


-22 


-22 


2 


13 


12 


14 


2 


-35 


-35 


-11 


14 


12 


75 


100 


-26 


-26 


5 


15 


16 


76 


- 


-16 


-16 


- 6 


16 


16 


47 


- 


-19 


-19 


- 8 


17 


16 


28 


- 


- 8 


- 8 


-12 


18 


16 


50 


-33 


-27 


-27 


- 2 


20 


20 


25 


25 


-44 


-44 


-13 


21 


16 


80 


33 


-25 


-25 


- 4 


22 


16 


44 





-20 


-20 


-12 


Average 


15 


47 


30 


-15 


-16 


-0.1 



Note : This table was done based on selected values from Table 3 
GC Sample Analyses. 
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TABLE 7 

MEASURED WORKING LOSSES 



Tank Group 


Storage Capacity 
m 3 


Void Displacements 
m /year* 


Average Measured 

THC as C 3 

ppm, by volume 


Working 
Losses 
kg/day 


Crude 


143,100 


5,101,581 


376 


10.3 


Gasoline and 
Components 


303,657 


4,439,176 


2680 


64.0 


Middle Distillates 


209,065 


1,865,797 


6600 


66.2 


Heavy Fuel Oils 


111,288 


712,567 


8140 


31.2 


TOTAL 


_ 


12,119,121 


_ 


171.7 



♦Source: Reference 13 
Sample calculation: e.g. crude 



5,100,000 m 3 x 


1000 1 x 


year 


rr. 3 

m 


in short: 





year 



365 day 



x 376 x g-mol x 44 g x lkg= 10.3 kg/day 

,6 



10" 



22.41 



g-mol 



1000 g 



3 o 

Void displacements m /year x THC ppm x 5.38 x 10 = Working Losses kg/day 
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TABLE 8 
MEASURED BREATHING LOSSES 



Tank Group 


Storage Capacity 
m 3 


Average Measured 

THC as C 3 

ppm, by volume 


Breathing 
Losses 
kg/day 


Crude 


143,100 


376 


3.0 


Gasoline and Components 


303,657 


2680 


45.4 


Middle Distillates 


209,065 


6600 


78.0 


Heavy Fuel Oil 


111,288 


8140 


50.5 



TOTAL 



176.9 



NOTE: Based on DT=15.5°C, the average daily ambient temperature variation during June 1979. 



Sample Calculation: e.g. Crude 

Vapour displacements = Storage Capacity x Outage x DT = 143,100 x 0.5 x 15.5 = 4039 m 3 

(273 + T) (273 + 18) 



Outage: = (height of tank - Avg. height of liquid)/height of tank = Approx. 0.5 



Losses: 



4039m- x 1000 1_ x 376 x g-mol x 44 g x kg = 3 kg/day 



day 



m 



10' 



22.4 1 



g-mol lOOOg 
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TABLE 9 
CALCULATED CONE ROOF BREATHING LOSSES 



Quantity 


Capacity 


Content 


Diameter 


Vapour 
Molecular 


True 
Vapour 


Avg. 
Outage 


Total 
Breath- 




(m 3 ) 






(m) 


Weight 

(kg 
kg-mole) 


Press 

P 2 
(kg/cm ) 


(m) 


Losses 
(kg/ 
day) 


2 


12,719 


Middle 


Distillate 


34.1 


130 


6.3 x 10~ 4 


7.5 


23.0 


1 


2,385 


Middle 


Distillate 


15.8 


130 


ii 


5.4 


2.6 


1 


12,719 


Middle 


Distillate 


34.1 


130 


ii 


6.9 


11.0 


1 


3,975 


Middle 


Distillate 


20.4 


130 


ii 


7.3 


4.7 


2 


19,078 


Middle 


Distillate 


40.8 


130 


ii 


6.3 


28.8 


1 


7,949 


Middle 


Distillate 


26.5 


130 


ii 


7.2 


7.3 


1 


31,797 


Middle 


Distillate 


53.9 


130 


M 


9.0 


28.0 


1 


7,154 


Middle 


Distillate 


25.6 


130 


n 


7.5 


7.0 


2 


25,437 


Middle 


Distillate 


48.8 


130 


n 


7.8 


43.8 


2 


31,797 


Heavy 1 


Fuel Oil 


53.9 


190 


0.9 x 10" 4 


7.1 


26.2 


3 


12,719 


Heavy 1 


Fuel Oil 


34.1 


190 


M 


5.7 


15.9 


2 


4,769 


Heavy 3 


Fuel Oil 


20.4 


190 


•I 


3.4 


3.3 


1 


15,898 


Charge 




37.8 


190 


6.3 x 10~ 4 


7.4 


13.7 


1 


3,180 


Charge 




18.6 


130 


n 


4.1 


3.0 


1 


12,719 


Middle 


Distillate 


34.1 


130 


H 


6.5 
TOTAL 


10.7 
229.0 



All Tanks were assumed at 15.5 C except heated which were assumed to be 65.5 C. 
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Cone roof breathing losses can be estimated from: 
, B =1.93XlCf 3 M< P 3 _ p 



L n = 1.93 X 10~ 3 M( . * )0.68 D 1.73 H 0.51 T 0^/ FpCKc 



where L„ = CR breathing loss (kg/day) 

M = Molecular weight of vapour in storage tank (kg/kg-mol) 

2 

P = True vapour pressure at bulk liquid conditions (kg/cm ) 

D = Tank diameter (m) 

H = Average vapour space height (m) 

T = Average ambient temperature change from day to night ( C) 

Fp = Paint factor 

C = Adjustment factor for small diameter tanks 

Kc = Crude oil factor 



The tank inventory in Table 14 of Appendix II provided information on the content 
and size of each CR tank. Vapour pressure (P) and vapour molecular weight (M) 
were based on Reference 19. Tank outages were based on Reference IS. 

The following factors were also adopted: 



C = 1.00 (D^9.2m) 

T = 15.5°C Kc= 1.00 (no crude) 



F =1.4 for green tanks 

1.9 for black tanks 
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TABLE 10 
CALCULATED CONE ROOF WORKING LOSSES 



Tank Group 


Storage 

Capacity 

(m 3 ) 


M 

kg 
kg-mol 


P 2 
(kg/cm z ) 


Turnovers 
per year 


Working 

Losses 

(kg/day) 


Middle distillates 


209,065 


130 


6.3 x 10"* 


8.9 


17.5 


Heavy Fuel Oil 


111,288 


190 


0.9 x 10" 4 


6A 


IA 



TOTAL 



320,353 



18.9 



Note: For the purpose of these calculations it is assumed that: 

annual void displacements = annual throughput = turnovers per year 
tank capacity tank capacity 

Cone roof working losses can be estimated from: 

L = i2 x 10" 2 M P K 
when: L = Fixed roof working loss (kg/m throughput) 

M = Molecular weight of vapour in storage tank (kg/kg-mol) 

K = Turnover factor (k N =l for less than 36 tank turnovers per year) 

2 

P = True vapour pressure at bulk liquid conditions (kg/cm ) 

Storage capacity was based on the Inventory of Blending and Storage Tanks listed 
in Table 13. Table 14 provided information on tank turnovers. Vapour pressure (P) and 
vapour molecular weight (M) were based on Reference 19. Texaco estimated their heavy 
fuel oil and middle distillates to have higher vapour pressures, thus resulting in total 
working losses calculated at 1939.9 kg/day. 
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TABLE 1 1 
CALCULATED FLOATING ROOF STANDING STORAGE LOSSES 



Quantity 


Capacity 
(m ) 


Content 


Diameter 
(m) 


Vapour 
Molecular 
Weight 

(kg 

kg mole) 


True 

Vapour 

Pressure 

(kg/cm ) 


Total 

Losses 

(kg/day) 


3 


47695 


crude 


65.5 


50 


0.27 


96.8 


2 


7949 


Gasoline 


26.5 


64 


0.39 


33.1 


1 


15898 


Gasoline 


37.8 


64 


0.43 


31.7 


3 


19078 


Gasoline 


40.8 


64 


0.49 


108.2 


1 


12719 


Gasoline 


34.1 


64 


0.41 


25.1 


2 


3180 


Gasoline 


18.6 


64 


0.37 


23.6 


1 


25437 


Gasoline 


48.8 


64 


0.43 


69.9 


1 


9539 


Gasoline 


28.3 


64 


0.43 


20.2 


1 


4769 


Gasoline Slops 


20.4 


64 


0.15 


4.5 


1 


19078 


Gasoline 


40.8 


64 


0.55 


48.3 


1 


9539 


Petro chemical 


28.3 


64 


0.11 


5.9 


2 


9539 


Gasoline Comp. 


28.3 


64 


0.45 


43.8 


2 


9539 


Gasoline Comp. 


28.3 


64 


0.18 


17.5 


2 


7949 


Gasoline Comp. 


26.2 


64 


0.15 


13.3 


2 


12719 


Gasoline Comp. 


34.1 


64 


0.03 


5.5 


2 


11129 


Gasoline Comp. 


28.3 


64 


0.56 


58.2 


2 


12719 


Gasoline Comp. 


34.1 


64 


0.03 


5.5 


1 


12719 


Middle Distillate 


34.1 


64 


0.02 


4.6 


1 


15898 


Charge 


37.8 


64 


0.06 


5.8 


1 


3180 


Charge 


18.6 


64 


0.04 


2.3 



TOTAL 



623.8 



Based on Reference 18 and Reference 20 
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TABLE 12 
CALCULATED WORKING LOSSES FROM FLOATING ROOF TANKS 



Tank Goup 



Storage _ 
Capacity (m ) 


Vapour 


Working 


Weight 


Loss 




(kg/kg mole) 


kg/day 



Crude 

Gasoline & Components 

Middle Distillates 



143,100 

303,659 

12,719 



50 
64 
130 

TOTAL 



14.0 
30.6 

LI 

46.4 



Sample Calculation 

Crude - through put - 32,088,900 bbl/yr 

- M = 50 

- Diameter = 25 

Working loss = ( through put x 488 x 10" 6 ) bbl x 3.36 M lb x 1 yr x 0.4535923 kg 
Diameter yr bbl 365 day lb 



= through put x M x 1 x 10 
Diameter 



-6 



v-6 



= 32,088,900 x 50 1.87 x 10"° kg/day 
215 

= 14.0 kg/day 



n XIQNHdd V 
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Floating roof standing storage losses can be estimated from: 
L s = Ut, X 10" 2 M ( K ^p ) 0.7 D 1.5 Vw 0.7 KtKsKpKc 



where L = Floating roof standing storage loss (kg/day) 

M = Molecular weight of vapour in storage tank (kg/kg-mol) 

2 
P = True vapour pressure at bulk liquid conditions (kg/cm ) 

D = Tank diameter (m) 

Vw = Average wind velocity (km/h) 

Kt = Tank type factor 

Ks = Seal factor 

Kp = Paint factor 

Kc = Crude oil factor 

The tank inventory in Table 14 of Appendix II provided information on the content 
and site of each FR tank. Diameters were figured based on the tank capacity. Vapour 
pressures (P) and vapour molecular weight (M) correspond to typical 15.5 C values 
for the hydrocarbon stored in the tank. The following constants were also adopted: 

Vw = 6.4 km/h (covered floating roof) 
Kt = 0.045 (welded tank) 
Ks = 1.00 (modern tight seal) 
Kp = 1.00 (light gray paint) 
Kc = 0.84 for crude 
1.00 for others 
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ANALYTICAL REPORT AND PLANT OPERATING DATA 



Report 



Analysis of Vapour Samples 



Table 13 



Inventory of Blending and Storage Tanks 



Table 14 



Hydrocarbon Storage Tank Void Displacements (1979) 



Figure 1 

to 
Figure 7 



Tank Usage History 
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Ontario 



416) 248-3031 



Ministry 
of the 
Environment 



September 4, 1979 



MEMORANDUM : 

TO: Mr. V. Ozvacic, Head 

Source Assessment Unit 
Air Resources Branch 

FROM: E. G. Adamek, Ph.D. 

Supervisor, Chromatography 
OTC Section 

RE: Analysis of Vapor Samples - Texaco Storage Tanks , Nanticoke 

With reference to the air samples collected for a survey of 
organic vapors in Texaco storage tanks at Nanticoke during 
June 4-7, 1979, please find attached a summary of the ana- 
lytical results for all samples submitted to date. 

In Table 1 (Sheets 1 and 2) , details as to sample numbers, 
sampling dates and sample descriptions, as available, have 
been summarized. In Table 2 (Sheets 1 and 2) , the analytical 
results for aliphatic hydrocarbons and organic sulphur compounds 
have been compiled, while in Table 3 (Sheets 1 and 2) , the 
results for aromatic hydrocarbons are shown. 

In addition, analyses were carried out for chlorinated organic 
hydrocarbons but none of these compounds were found to be 
present in any of the samples (the detection limits being in 
the low ppb (v/v) range) . 

As is evident from the column "Date Analyzed" in Tables 2 and 3, 
all air samples (as collected in aluminized polyester sampling 
bags) were analyzed within a few days of their arrival in the 
laboratory. In order to investigate the stability of organic 

. . .2 
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Mr. V. Ozvacic September 4, 1979 

vapors in those air samples for the purpose of establishing 
the urgency for such analyses in future surveys, some samples 
were repeatedly analysed in 2-3 week time intervals. The 
results of those analyses are shown where applicable. 

A description of the analytical procedures as well as any other 
details and observations on these samples will be provided on 
request. Should you have any further questions or comments 
on the analytical results submitted, please do not hesitate 
to contact us. 




E. G. Adamek 



EGA:mmp 

cc: Dr. 0. Meresz, Manager 
OTC Section 



TABL5 1 - sheet 1 
Vapour Samples from Texaco Storage Tanks at Kanticoke 



Lab. 


St-ndor 


Sampling 


Mo. 


No. 


Date 


OCA-595 






-596 


1 


4/6/79 


-597 


2 


4/6/79 


-598 


3 


4/6/79 


-599 


4 


4/6/79 


-600 


5 


4/6/79 


-601 


6 


4/6/79 


-602 


7 


5/6/79 


-603 


8 


5/6/79 


-604 


9 


5/6/79 


-605 


• 10 


5/6/79 


-606 


11 


5/6/79 


-607 


12 


6/6/79 


-608 


13 


6/6/79 


-609 


14 


6/6/79 


-610 


15 


6/6/79 


-611 


16 


6/6/79 


-612 


17 


6/6/79 


-613 


18 


7/6/79 


-614 


19 


7/6/79 


-615 


20 


7/6/79 



Sample Description (as provided) 



Flushed Blank 
3002 Crude 70 ppm 
3002 Crude 45 ppm 
3002 Crude 40 ppm 
818 Gas Reg 170 ppm 
818 Gas Reg 250 ppm 
818 Gas Reg 3060 ppm 
815 6000 ppm 
815 6300 ppm 

815 6200 ppm 
410A Bunker 

2026 Bunker 9100 ppm 
830 Bunker 7800 ppm 
830 Bunker 7800 ppm 
830 Bunker 6700 ppm 
3004 Crude 900 ppm 
3004 Crude 800 ppm 
3004 Crude 400 ppm 

816 Av. Jet 6900 ppm 
816 Av. Jet 

816 Av. Jet 7000 ppm 



13:15 
13:25 

13:30 5 ft. 

2 ft. 

17:40 10 ft. 

17:55 16 ft. 

17 ft. 
2 ft. 

20 ft. 
15 ft. 
15 ft. 
12 ft. 

2 ft. 

1 ft. 

6 ft. 

18 ft. 

14 ft. 



•fe. 



Centre vent 



13 ft. 
...Table 1 - Sheet 2 
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TABLE 1 - Sheet 2 



Vapour Samples from Texaco Storage Tanks at Nanticoke 



Lab. 
No. 



Sender 
No. 



OCA- 616 
-617 
-618 



21 
22 
23 



Sampling 
Date 



7/6/79 
7/6/79 
7/6/79 



Sample Description (as provided) 



1620 Reg Lead 5000 ppm 
1620 Reg Lead 3800 ppm 
1620 Reg Lead 3800 ppm 



18 ft, 
3 ft. 



Centre vent 



i 
I 



TABLE 2 - sheet 1 



Analysis of Vapour from Texaco Storage Tanks at Nanticoke (1979) 





i 

Date 
Analyzed 


i . 


A 


liphatic Hydrocarbons (ppm, 


v/V) 




Sulphur Cpds. 




1 






Propane 
and/or 




n-Butane 
and/or 


(PPb'V/V) 


Lab. 


Carbonyl 


No. 


| 


Methane 


Ethylene 


Ethane 


Propylene 


Isobutylene 


3utadiene 


Sulfide 


OCA- 59 5 


i ■ i 
7/6/79 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


-596 


7/6/79 


1.3 


n.d. 


8.0 


25.6 


5.8 


n.d. 


n.d. 


-597 


7/6/79 


1.3 


n.d. 


6.3 


21.1 


4.2 


n.d. 


13.2 


ii 


28/6/79 


2.0 


n.d. 


10.3 


38.1 


7.4 


n.d. 


n.a. 


-598 


8/6/79 


0.9 


n.d. 


5.0 


16.8 


3.1 


n.d. 


8.8 


-599 


8/6/79 


0.3 


n.d. 


n.d. 


0.04 


7.7 


1.2 


13.2 


-600 


8/6/79 


0.3 


n.d. 


n.d. 


n.d. 


9.9 


1.7 


13.2 


-601 


7/6/79 


1.0 


0.4 


0.4 


7.3 


1094.8 


141.7 


n.d. 


-604 


7/6/79 


0.3 


0.06 


0.04 


3.6 


23.7 


n.d. 


48.3 


-605 


18/6/79 


547.9 


57.7 


1086.0 1629.9 


368.8 


165.3 


167 


■1 


28/6/79 


765.3 


73.6 


1051.7 


1357.1 


315.8 


139.3 


n. a. 


■I 


4/7/79 


678.4 


69.3 


1211.8 


1000.0 


295.0 


160.6 


n. a. 


-606 


18/6/79 


517.5 


43.3 


1009.8 


1507.9 


307.3 


157.4 


167 


■I 


29/6/79 


739.3 


72.2 


1019.4 


1468.2 


311.2 


145.6 


n. a. 


-607 


18/6/79 


430.5 


43.3 


552.6 


595.2 


107.6 


70.8 


162 




4/7/79 


639.2 


69.3 


668.8 


464.3 


112.9 


63.8 


n.a. 


-609 


18/6/79 


208.7 


17.3 


240.1 


345.2 


58.8 


35.4 


17 u 6 




4/7/70 


365.3 


34.6 


360.1 


255.9 


56.5 


30.7 


n.a. 

• 



I 



...Table 2 - Sheet 2 
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TABLE 2 - Sheet 2 



Analysis of Vapour from Texaco Storage Tanks at Nanticoke (1979) 





Date 
Analyzed 




A 


.iphatic Kyd 


rocarbons (ppir.,VA') 




Culphur Cpcio. 




Methane 


Ethylene 


Ethane 


Propane 
and/or 
Propylene 


Isobutylene 


n-Butane 

and/or 
Butadiene 


(ppb,7/V) 


Lab. 
So. 


Carbonyl 
Sulfide 


OCA- 60 8 


18/6/79 


326.1 


39.0 


417.3 


535.7 


103.7 


47.2 


140 


H 


4/7/79 


370.5 


39.9 


434.4 


345.2 


87.6 


49.6 


n.i. 


-610 


13/6/79 


1.3 


n.d. 


6.6 


23.4 


4.4 


n.d. 


17.6 


ii 


28/6/79 


2.3 


n.d. 


9.1 


19.6 


4.5 


n.d. 


n.a. 


-611 


28/6/79 


2.8 


n.d. 


13.3 


25.6 


6.3 


n.d. 


n„a. 


■I 


13/6/79 


1.9 


n.d. 


11.6 


31.5 


6.5 


n.d. 


17.6 


-612 


13/6/79 


0.7 


n.d. 


1.9 


4.8 


1.1 


n.d. 


30.7 


H 


28/6/79 


0.9 


n.d. 


1.6 


4.4 


0.9 


n.d. 


n.A. 


-613 


13/6/79 


0.4 


0.06 


0.1 


7.1 


22.4 


n.d. 


149 


ii 


28/6/79 


0.6 


0.04 


0.2 


5.2 


18.8 


n.d. 


n.a u 


-61-1 


14/6/79 


0.4 


0.02 


0.1 


4.8 


14.1 


n.d. 


110 


-615 


14/6/79 


0.4 


0.04 


0.2 


6.4 


16.1 


n.d. 


n.d. 


n 


4/7/79 


0.5 


0.05 


0.2 


3.6 


11.5 


n.d. 


n. a. 


-616 


13/6/79 


1.0 


0.3 


0.7 


4.8 


539.3 


179.5 


n.d. 


H 


28/6/79 


1.8 


0.4 


0.9 


3.6 


511.7 


174.7 


n.a> 


-617 


13/6/79 


0.9 


0.2 


0.4 


3.4 


391.8 


122.8 


n.d. 


ii 


29/6/79 


1.3 


0.2 


0.5 


2.7 


345.7 


99.2 


n. a. 


-618 


13/6/79 


0.7 


0.1 


0.3 


2.6 


295.0 


118.1 


n.d. 



I 

I 



TABLE 3 - Sheet 1 
Analysis of Vapour from Texaco Storage Tanks at Nanticoke (1979) 



Date 



Lab. 


Analysed 






Aromatic Hydrocarbons (ppm,V/V) 






V.o. 


Benzsr.e 


Toluene 


Ethylbenzene 


_p-Xylene 


m- Xylene 


o-Xylene 


Styrcne 


OCA- 59 5 


7/6/79 


i 

1 

n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


-596 


7/6/79 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


-597 


7/6/79 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


-598 


7/6/79 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


-599 


7/6/79 


*n.d. 


9.0 


0.96 


1.1 


2.9 


1.7 


n.d. 


-600 


7/6/79 


*n.d. 


12.4 


1.5 


1.9 


4.8 


3.1 


0.81 


-601 


7/6/79 


4.6 


143 


11.3 


12.9 


30.2 


17.7 


4.5 


-602 


7/6/79 


*n.d. 


16.8 


n.d. 


n.d. 


8.7 


4.3 


1.2 


-603 


7/6/79 


*n.d. 


48.3 


34.3 


22.6 


25.5 


18.2 


3.3 


-604 


7/6/79 


*n.d. 


49.6 


n.d. 


n.d. 


24.5 


19.7 


3.3 


-605 


11/6/79 


*n.d. 


102 


18.1 


18.5 


49.4 


n.d. 


7.3 


-606 


11/6/79 


*n.d. 


61.7 


10.9 


11.7 


27.2 


n.d. 


3.7 


-607 


11/6/79 


*n.d. 


76.4 


16.2 


18.1 


45.7 


21.4 


14.2 


-608 


11/6/79 


*n.d. 


67.0 


16.2 


16.2 


43.5 


27.7 


16.2 


-609 


11/6/79 


*n.d. 


17.4 


5.0 


5.2 


18.2 


11.5 


7.3 


-610 


12/6/79 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


-611 


12/6/79 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


-612 


12/6/79 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


n.d. 


-613 


12/6/79 


*n.d. 


45.5 


35.2 


13.6 


25.0 


n.d. 


5.7 


-614 


12/6/79 


*n.d. 


10.8 


14.0 


7.7 


64.2 


n.d. 


2,0 



I 

en 

I 
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TABLE 3 - Sheet 2 



Analysis of Vapour from Texaco Storage Tanks at Nanticoke (1979) 



Lab 
£o. 



OCA-615 
-616 
-617 
-618 



Date 
Analyzed 



Detcctio i Limits 



12/6/79 
12/6/79 
12/6/79 
12/6/79 



Benzene 



Toluene 



*n.d. 
12.4 
10.1 
6.4 



0.2 



5.0 
4.3 
3.7 

2.1 



0.2 



Aronatic Hydrocarbons (ppm/V/V) 



Ethylbenzone 



4.9 
n.d. 
n.d. 
n.d. 



0.3 



p-Xylene 



3.6 

n.d. 
n.d. 
n.d. 



I 0.3 



rn-Xylene 



3.1 
n.d. 
n.d. 
n.d. 



0.4 



o-Xylene 



n.d. 
n.d. 
n.d. 
n.d. 



0.4 



otyrene 

n.d. 
n.d. 
n.d. 
n.d. 



0.5 



i 
£» 

l 



n.d. = not detected; n.a. = not analyzed; *n.d. = interference by other compound 
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TABLE 13 
INVENTORY OF BLENDING AND STORAGE TANKS 



No. of Tanks Total Capacity 

(m 3 ) 


3 


TOTAL 


143,100 
143,100 


4 
8 
12 
1 

1 


TOTAL 


22,258 

139,905 

127,186 

9,539 

4,769 

303,657 


3 
10 

1 
1 


TOTAL 


13,514 

178,857 

12,719 

3,975 

209,065 


7 


TOTAL 


111,288 
111,288 


1 
1 
1 


TOTAL 


15,898 

15,898 

3,180 

43,975 


Source : 


Reference 18 



Content and Roof Type 



Crude - floating roof 



Gasoline Marketing - floating roof 
Gasoline - floating roof 
Gasoline component - floating roof 
Petrochemical feedstock - floating roof 
Gasoline slop - floating roof 



Middle distillate Marketing - cone roof 
Middle distillate - cone roof 
Middle distillate - floating roof 
Cutter stock - cone roof 



Heavy fuel oil - cone roof 



Unif iner charge tank - floating roof 
FCCU charge tank - cone roof 
Platformer charge tank - floating roof 
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TABLE 14 
HYDROCARBON STORAGE TANKS VOID DISPLACEMENT (1979) 



Tank Group 


Storage 
Capacity 


Void 

Displacement 

(m /year) 


Turnovers * 
(1/year) 


Crude 
Gasoline and Components 


143,100 
303,659 


5,101,581 
4,439,176 


35.7 
14.6 


Middle Distillates 


209,065 


1,865,797 


8.9 


Heavy Fuel Oil 


111,288 


712,567 


6.4 


Charge 


43,975 


- 


- 


TOTAL 


811,087 


12,119,121 


14.9 



Source Reference: 9 and 1 3 

m. j^x- a ~ ♦ „~ - void displacement 
* defined as: turnover = * 

storage capacity 



5.00T 



LIQUID 
HEIGHT(M) 



1H.00- 



FIGURE \' TRNK 130 U5RGE HISTORY 

(BUNKER) 



13.00- 



2.00 



i 

o 

I 



11.00 ' 



5RMPL1NE 



b 



-t- 

B 
B 



B 
B 

m 



+ 



ui 



B 

to 



s 






TIMECDRY5)/ JUNE l-B/73 



I3.00T 



LIQUID 
HEIGHT(M) 



I2.B0 



FIBURE 2: TRNK HE U5REE HI5T0RY 

(RVIHTIDN JET FUEL) 



1.B0- 







5RMPL I NE 



9.00' 




I 



BJB,- 

B 



B 
B 

pi 



B 

B 



B 
X 



I 



B- 
B 

U3 



5* 

B 



CD 



T1MECDHY5)/ JUNE 1-6773 



10,00- 



LIQU1D 
HEIGHT(M) 



H.00 



B.BB' 



7.00 



B.BB 



5. 



FIGURE 3: TRNK 115 U5RGE HI5TDRY 

(RV1RTIQN JET FUEL) 



5HMPLING 



i 

I 



t 



s 



S3 



ea 
s 
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